SUMMARY Culture for bacteria and assays for endotoxin were performed on specimens of mesenteric and peripheral venous blood from eight patients with ulcerative colitis who underwent surgery for severe uncontrolled disease. No significant bacteraemia occurred in either portal or systemic blood. Systemic endotoxaemia developed in three patients during surgery but occurred before bowel mobilisation only in the one patient whose colitis was complicated by hyposplenism. Mesenteric endotoxaemia occurred in only three patients before bowel mobilisation, but was detected during surgery in two of the three patients who developed systemic endotoxaemia. We conclude that, contrary to earlier reports, portal bacteraemia must be infrequent in ulcerative colitis. Systemic endotoxaemia does, however, occur in a significant proportion of cases during colectomy. Although in the patients studied this led to no clinical problems, it is likely to have been the precipitating factor for the syndrome of disseminated intravascular coagulation (DIC) that we have previously observed after colectomy in some of our patients with hyposplenism secondary to inflammatory bowel disease.
Colectomy for severe ulcerative colitis may be complicated by a syndrome including hypotension and DIC that suggests a gram negative septicaemia but is not always associated with positive blood cultures.1 This syndrome usually occurs in individuals whose colitis is complicated by hyposplenism and is similar to the generalised Schwartzman reaction.2 We have postulated that endotoxaemia may be responsible. 3 However, the frequency of endotoxaemia and of bacteraemia in patients with ulcerative colitis is not established and there are no studies in which both have been assessed simultaneously in portal and systemic blood. We have therefore carried out such a study in a number of patients with ulcerative colitis undergoing colectomy.
Methods

PATIENTS
The indications for surgery were (1) chronic debilitating disease with frequent exacerbations requiring hospitalisation and intensive medical treatment, including corticosteroids (patients NH, PM, IK, Reccived for publication 13 May 1980 IS and JB); (2) fulminating disease which failed to respond to conservative measures (patients CK, CB and DT).
Six patients underwent panproctocolectomy with excision of the rectal stump and in two young males (DT and NT) the rectum was left in situ. On the basis of standard biochemical tests, all patients were considered to have normal liver function.
No patient was treated with antibiotics immediately before surgery but all received them in the immediate postoperative period. All patients received subcutaneous calcium heparin (5000 ,u eight to 12 hourly) peri-operatively. There were no severe complications in the immediate postoperative period, although two patients developed local sepsis requiring drainage more than a week after colectomy and one underwent laparotomy for small bowel obstruction three weeks after operation.
The serum creatinine and haemotological parameters including haemogloblin, platelet count, and DIC screen (prothrombin time, thrombin timn;e, serum fibrinogen, serum fibrin degradation products, kaolin cephalin coagulation time, and euglobulin lysis time) were measured repeatedly in the peri-operative period.
The splenic function of all the patients was assessed before surgery by the clearance of 51Cr-labelled heat damaged autologous red cells from the circulation4 and by examination of the peripheral blood film. At operation, 15 ml samples of blood were taken as follows: (1) Both bottles were examined at 48 hours and one week and subcultured on to blood agar for aerobic incubation and BM-lysed blood agar8 for anaerobic incubation.
Solid cultures Pour plates were made by adding 1 ml of the blood sample to 10 ml of molten nutrient agar (Oxoid) at 50-55°C for aerobic incubation at 37°C, and 1 ml of blood was added to 10 ml of molten BM agar at 50-55°C for anaerobic incubation. Anaerobic incubation was by the standard method of Collee et al.7; cultures were incubated at 370C in an atmosphere of 90 % hydrogen and 10 % CO2.
ENDOTOXIN ASSAY
This was by the limulus lysate test as described by Levin et al.9 0.05 ml of the chloroform extracted fraction were tested by incubation with 0.05 ml of lysate; the remainder was stored at -20°C. Positive controls of normal serum to which standard endotoxin (Sigma Chemicals) had been added and negative controls of normal serum were tested in parallel with the samples; the heparin used as anticoagulant was also tested with the lysate.
The samples were read after incubation overnight at 37°C and graded as negative (-) Experiments with standard endotoxin showed that flocculation was associated with an endotoxin concentration of 0.0001 tg/ml, gelation with a concentration of0-001 ,tg/ml.
Endotoxin testing of all glassware and heparin was consistently negative. All results were fully reproducible when the frozen serum was tested three to eight weeks later.
Results
The peri-operative course of the eight patients was uneventful and in no case was there evidence of DIC as shown by a negative DIC screen, normal platelet count, and maintenance of serum creatinine in each case. The first seven patients had normal splenic function, but patient JB had a prolonged half life for clearance of 61Cr-labelled heat damaged red cells, implying functional hyposplenism, despite having a normal blood film (28 min; normal 84-18.5 min). Blood cultures were positive in one individual (JK) though only during bowel mobilisation; the peripheral venous sample yielded a moderate growth of an alpha haemolytic streptococcus and the mesenteric blood grew Staphylococcus albus. In all other cases every sample was sterile.
Results of the endotoxin studies are shown in the table. Mesenteric endotoxaemia was present before mobilisation of the colon in three individuals and in another two patients during surgery. Endotoxin was present in peripheral blood in four patients during mobilisation; one of these had no endotoxin detectable in mesenteric blood. In only the hyposplenic patient (JB) was there systemic endotoxaemia before bowel mobilisation. In each case limulus lysate testing of peripheral venous blood was negative on the first and second postoperative days.
Discussion
In contrast with the only previously published studies, 101' we were unable to demonstrate significant portal bacteraemia either before or during bowel mobilisation. We do not believe that the organisms cultured in IK originated from the bowel; almost certainly the staphylococcus was a contaminant. The bacteriological methods and media gave reliable recovery of demanding aerobic and anaerobic bacteria from very small inocula (5-10 variable organisms) in a laboratory model for blood culture studies6 and it is very unlikely that our sensitive bacteriological technique would have failed to culture a significant organism, particularly E. coli or Bacteroides spp. Our findings are at variance with those of Eade and Brook,10 who found portal bacteraemia in 24 of 100 cases of ulcerative colitis submitted to surgery. These authors did not give details of their bacteriological technique but it is unlikely that technical differences would account for this discrepancy, although contamination during venesection could do so. Eade and Brook found the incidence of bacteraemia paralleled disease severity and it may be that their subjects had a more severe illness than ours, although three of our cases underwent emergency colectomy for fulminating disease.
It is possible that portal bacteraemia occurs intermittently in ulcerative colitis and the sterility of a total of 16 portal samples does not imply that the portal blood is always sterile; however, we feel that if there were a tendency for portal bacteraemia to occur it would have done so in some of our cases after the considerable colonic manipulation associated with surgery.
Most authors consider the limulus lysate test to be a sensitive test for endotoxin,912'3 1 though others express doubt about its validity.14-16 False positive results do occur in the presence of naturally occurring materials14 and normal serum contains an inhibitor which must be removed9; in this study it was removed by chloroform extraction. There is a poor relationship between the presence of bacteraemia and the results of the limulus lysate test'616 which may imply a considerable false positive and negative rate. For this reason it was considered important to study both the endotoxin and bacteriological aspects together. The reported frequency of portal vein endotoxaemia assessed by the limulus lysate assay in non-colitis patients studied during surgery varies considerably from none of 16 patients'7 to 33 of 34,18 although this high incidence reported by Jacob'8 has not been confirmed by other studies.'7 19-21 However, using radioimmunoassay, circulating endotoxins have been detected in the serum of ulcerative colitis patients22 who may also have lipopolysaccharide (LPS) antibodies.23 Systemic endotoxaemia may be experimentally produced by occluding the mesenteric arteries and portal vein endotoxaemia by occlusion of the portal vein.24 On the basis of this evidence, it has been suggested that ulcerative colitis is associated with increased portal vein absorption of endotoxin, related to mucosal damage, leading to generalised endotoxaemia.22 Our present studies and experimental work, however, suggest that this theory may be incorrect. Studies of the isolated gut sac of the rat show that endotoxin absorption obeys MichaelisMenton kinetics implying an active transport mechanism13 and it is possible that in ulcerative colitis this may be disrupted, leading to decreased passage of the molecule across the mucosa. We postulate that only in very severe mucosal damage, akin to experimentally induced mesenteric artery or portal vein occlusion, would endotoxin absorption occur down its concentration gradient and enter the portal system.
The chronic low titre, systemic endotoxaemia detectable by radioimmunoassay in ulcerative colitis is probably due to lymphatic absorption from the gut. The evidence for this is twofold; firstly, endotoxins are avidly removed by Kupffer cells,25 and secondly, experiments using Thiry-Vella segments have implied that most of the endotoxin entering the systemic circulation from the normal bowel does so through the bowel lymphatics.28 This would account for the finding in patient IS of systemic endotoxaemia in the absence of mesenteric vein endotoxin. The increased frequency and intensity of endotoxaemia occuring in some of our patients during mobilisation of the colon could lead to systemic complications, and it is interesting that endotoxin was detected in peripheral blood before operation only in the patient with diminished splenic function.
The relationship between endotoxin and reticuloendothelial function, in particular splenic function, is a complex one. The reticuloendothelial system is involved in the clearance and detoxification of endotoxin2' and also in the prevention of DIC by removal of microaggregates of fibrin.27 It has been suggested that the hyposplenism associated with coeliac disease is part of a generalised depression of reticuloendothelial function,28 but using the 125I macroaggregated albumin clearance test29 we have 
